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METHOD AND APPARATUS FOR PERFORMING ECHO CANCELLATION 
WITHIN A COMMUNICATION NETWORK 



TECHNICAL FIELD 
The invention relates generally to communication systems 
and, more specifically, to communication systems using switching 
centers to provide circuit connections between remote user 
devices . 



10 BACKGROUND OF THE INVENTION 

In a telephone switching center, problems arise when 
relatively large echoes are received from one or more of the 
outgoing trunks. To address this problem, each of the outgoing 
trunks in a switching center has traditionally been assigned a 

15 dedicated echo cancellation unit to suppress any echoes received 
from the trunk. However, only a small percentage of the 
outgoing trunks in a switching center normally experience echo 
problems during normal system operation. Therefore, more echo 
cancellation functionality is being provided than is necessary 

20 to ensure quality communication in the network. 

Therefore, there is a need for a method and apparatus for 
suppressing harmful echoes in a switching center that does not 
require dedicated echo cancellation functionality on each 
outgoing trunk. 



SUMMARY OF THE INVENTION 
The present invention relates to a system for performing 
echo cancellation within a switching center of a communication 
network. The system uses a pool of echo cancellation units that 
5 are individually allocated to specific communication connections 
being supported by the switching center based on need. The 
system first determines whether intolerable echoes are being 
returned within a particular communication connection. If so, 
the system allocates one of the echo cancellation units from the 

10 pool to the connection. When the communication connection later 
ends, the echo cancellation unit is returnd to the pool for use 
by another communication connection. Thus, the number of the 
echo cancellation units that need to be provided within the 
switching center to ensure quality communication within the 

15 network is significantly reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating a public switched 
telephone network (PSTN) that can utilize the principles of the 
2 0 present invention; 

Fig. 2 is a block diagram illustrating functionality within 
a central office of a PSTN in accordance with one embodiment of 
the present invention; 
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Fig. 3 is a block diagram illustrating functionality within 
a central office of a PSTN in accordance with another embodiment 
of the present invention; and 

Fig. 4 is a flowchart illustrating a method for allocating 
5 echo cancellation units within the switching center of a 
communication network in accordance with one embodiment of the 
present invention. 



DETAILED DESCRIPTION 

10 Fig. 1 is a block diagram illustrating a public switched 

telephone network (PSTN) 10 that can utilize the principles of 
the present invention. As illustrated, the PSTN 10 includes a 
plurality of central switching offices 12, 14, 16, 18 for 
providing switching services within the PSTN 10. Each of the 

15 central offices 12, 14, 16, 18 is coupled to a corresponding 
plurality of local user devices 20 via a plurality of local 
loops 22. In addition, each of the central offices 12, 14, 16, 
18 is coupled to each of the other central offices 12, 14, 16, 
18 in the PSTN 10 via a dedicated trunk 24, 26, 28, 30, 32, 34, 

20 For example, with reference to Fig. 1, central office 12 is 
connected to central office 14 via trunk 24, central office 12 
is connected to central office 16 via trunk 26, and so on. It 
should be appreciated that the PSTN 10 illustrated in Fig. 1 has 



been made relatively simple for illustration purposes and that a 
typical PSTN will generally include a much larger number of 
central offices and corresponding trunks. 

In a preferred embodiment, the user devices 2 0 are 
conventional telephone units or private branch exchange (PBX) 
systems that are used primarily for voice communication. 
However, other types of user device can also be used in 
accordance with the present invention, such as computer 
terminals having modem functionality. The trunks 24, 26, 28, 
30, 32, 34 are relatively high bandwidth transmission media that 
can each simultaneously carry multiple independent voice or data 
channels. Typically, communications over a trunk will be 
performed digitally (e.g., using pulse code modulation 
techniques) and the individual channels will be time division 
multiplexed onto the trunk. However, analog data transmission 
and alternative multiple access schemes can also be used. If 
high traffic levels are anticipated between a given pair of 
central offices, a group of trunks (i.e., a trunk group) will 
often be provided between the offices. 

In a typical call setup procedure, a caller associated with 
one central office (e.g., central office 12) sends a request to 
that central office (using an associated user device 20) to 
establish a connection with a remote party associated with 



another central office (e.g., central office 18). The first 
central office 12 then directs the request through a 
corresponding trunk 28 to the other central office 18. Upon 
receipt of the request, the other central office 18 signals the 
5 called party via an associated user device 20 that a connection 
has been requested. If the party answers the call, the 
connection is established and a two-way communication ensues 
through the corresponding trunk 28. Although not apparent from 
Fig. 1, connections involving one or more intermediate switching 

10 centers between the source and destination central offices are 
also possible (e.g., for long distance calls). 

Occasionally, one or more of the trunks coupled to a 
particular central office will return echoes when the central 
office sends a communication signal over the trunk. That is, a 

15 portion of the communication signal will be reflected back to 
the central office from the trunk because there is an impedance 
mismatch (i.e., a discontinuity) somewhere on or after the line. 

For example, with reference to Fig. 1, there may be a 
discontinuity on trunk 24 that reflects a portion of a 

20 communication signal being delivered from central office 12 to 
central office 14, back to central office 12. The reflected 
signal might then be erroneously delivered to one or more of the 
user devices 20 associated with central office 12, thereby 



reducing communication quality in the PSTN 10, The 
discontinuity can be caused by any of a number of different 
sources, such as an analog hybrid circuit, an analog trunk 
circuit, a termination to an analog phone, a damaged electrical 
5 cable or optical fiber, and others. 

Fig. 2 is a block diagram illustrating functionality within 
a central office 12 that is capable of reducing the harmful 
effects of echoes within the PSTN 10 in accordance with one 
embodiment of the present invention. As before, the central 

10 office 12 is connected to a plurality of local user devices 20 
and a plurality of trunks 24, 26, 28. As illustrated, the 
central office 12 includes a controller 40 and a pool of echo 
cancellation units 44 . The local user devices 20 and the trunks 
24, 26, 28 are each coupled to the controller 40 which, in turn, 

15 is coupled to the pool of echo cancellation units 44. The 
controller 4 0 is operative for performing most of the typical 
functions associated with a central office 12. In a preferred 
embodiment, the controller 4 0 includes at least one digital 
processing device for performing some or all of its assigned 

20 functions. For example, the controller 40 can include a general 
purpose microprocessor, a digital signal processor, a reduced 
instruction set computer, a complex instruction set computer, a 
field programmable gate array, an application-specific 



^integrated circuit, and/or other such devices. In addition, the 
controller 40 may include supplemental, special purpose hardware 
equipment for use in performing some functions. Among other 
things, the controller 40 is operative for performing 
5 conventional telephone switching services within the central 
office 12. For example, if a user at one of the local user 
devices 20 requests a connection to a remote user (e.g., by 
dialing a telephone number associated with the remote user) , the 
controller 40 will couple the local user device 20 to the 

10 appropriate trunk 24, 26, 28 for establishing a communication 
connection between the local user device 20 and the remote user. 

The controller 40 is also capable of coupling one local user 
device 20 to another local user device 20 for establishing a 
communication connection therebetween. The controller 40 can 

15 perform the switching function in any known manner (e.g., 
electronically or electro-mechanically) . 

In accordance with the present invention, the controller 40 
is also operative for providing echo cancellation services for 
communication connections being supported by the central office 

20 12, The echo cancellation services are provided on an "as 
needed" basis, using the pool of echo cancellation units 44. The 
controller 4 0 first determines whether intolerable echo energy 



is being received from a trunk associated with a particular 
communication connection. The controller 4 0 then allocates an 
echo cancellation unit from the pool of echo cancellation units 
44 to the communication connection if intolerable echo energy 
5 has been detected. Typically; the act of allocating an echo 
cancellation unit to a communication connection will comprise 
routing corresponding communications through the echo 
cancellation unit. When the communication connection is 
terminated, the allocated echo cancellation unit is released 

10 back to the pool 44. 

In a preferred embodiment, the pool of echo cancellation 
units 44 includes one or more multi- channel hardware units for 
performing echo cancellation. Such devices are available 
commercially and are generally well known in the art. For 

15 example, one such unit is a 64ms, Tl, Echo Canceler Unit sold by 
Tellabs having model number 2572. Alternatively, a plurality of 
individual hardware -based echo cancellation devices can be 
provided. In another approach, the pool of echo cancellation 
units 44 is implemented using a digital processing device having 

20 a limited amount of computational resources available for 
performing echo cancellation. Thus, the digital processing 
device is only capable of executing an echo cancellation routine 
for a limited number of communication connections 
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simultaneously. Using this approach, an echo cancellation unit 
is "allocated" to a communication connection by allowing an echo 
cancellation routine to be executed within the limited resources 
of the digital processing device for the communication 
5 connection. Other types of echo canceler pools can also be 
used. 

In one embodiment of the invention, after a communication 
connection has been established between a local user device 20 
and a remote user device, the controller 40 waits for input from 

10 the local user device 20 indicating that signal reflections are 
being detected at the local user device 20. If such input is 
received, the controller 40 allocates an echo cancellation unit 
from the pool 44 to the connection. For example, while 
communicating with a remote party through a telephone unit, a 

15 local user associated with central office 12 may hear signals 
that he does not believe are originating from the remote party. 
In response, the local user can press a predetermined key 
(e.g., the # key or a dedicated function key) on the telephone 
unit indicating that undesirable echoes are being audibly 

20 perceived. The controller 40 detects the key depression and 
proceeds to allocate one of the available echo cancellation 
units within the pool 44 to the communication connection. The 
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selected echo cancellation unit then services the communication 
connection for the remainder thereof. When the connection is 
terminated (e.g., one of the parties hangs up), the echo 
cancellation unit allocated to the connection is released for 
use by another communication connection within the central 
office 12. Thus, an echo cancellation unit will only be 
allocated to a communication connection when the quality of 
communication within the connection is below a user tolerance 
level . 

In a conventional PSTN, the central office no longer 
recognizes keypad signals received from the local user devices 
as commands once a telephone connection has been established. 
Thus, to implement the above -described approach in a PSTN, the 
controller 4 0 must be programmed to detect keypad-returnd 
signals from a user device during a communication connection. 
In another embodiment of the invention, the inventive principles 
are implemented within a private branch exchange (PBX) server 
that is capable of detecting the depression of special function 
keys on the keypad of an extension telephone to determine that 
echo cancellation services are needed. For example, each 
extension telephone associated with the server can include a key 
labeled "Echo Cancellation" that can be pressed by a user when 
intolerable echoes are audibly perceived. The controller within 
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the PBX server then allocates echo cancellation resources to the 
connection in response thereto. In yet another embodiment, the 
inventive principles are implemented within an integrated 
services digital network (ISDN) system. As is well known, an 
5 ISDN system includes a separate signaling channel that is used 
to carry commands, among other things, within the system. A 
user within the ISDN system transmits a signal to the ISDN 
server, via the signaling channel, indicating that intolerable 
echoes are being perceived. The ISDN server then allocates the 
10 necessary echo cancellation functionality to the connection. 

In another approach, the controller 4 0 assigns one of the 
echo cancellation units within the pool 44 to a communication 
connection at the time of call initialization (or slightly 
thereafter) . The controller 40 then monitors the assigned echo 
15 cancellation unit to determine whether significant echo 
cancellation activity is actually occurring. If the echo 
cancellation unit is not performing significant echo 
cancellation for the communication connection, the controller 40 
will release the echo cancellation unit and return it to the 
2 0 pool 44 for use by another connection. If the echo cancellation 
unit is performing significant echo cancellation, the controller 
4 0 will allow the echo cancellation unit to continue to service 
the connection for the duration thereof. An echo cancellation 



unit can detect the existence of echoes by examining the energy 
of a communication signal before and after the cancellation 
process. In a preferred approach, the controller 40 will only 
allow an echo cancellation unit to continue to service a 
5 particular communication connection if greater than a threshold 
amount of echo cancellation is being performed. Thus, small 
echoes that do not normally compromise communication quality 
will be ignored. 

Fig. 3 is a block diagram illustrating another embodiment 

10 of central office 12 in accordance with the present invention. 
In addition to the previously described functionality, the 
central office 12 of Fig. 3 includes a pool of call classifier 
units 60. During call initialization (or slightly thereafter), 
the controller 4 0 assigns one of the call classifier units from 

15 the pool 60 to the communication connection for use in 
determining the extent of echo generation associated with the 
connection. If the call classifier detects echo generation 
above a predetermined threshold level, it signals the controller 
40 which assigns an echo cancellation unit to the connection 

20 from the pool 44. If the call classifier does not detect the 
requisite echo levels within a predetermined time interval after 
assignment, the call classifier is released back to the call 
classifier pool 60 and an echo cancellation unit is not 
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allocated to the connection. The threshold echo level used by 
the call classifier can be specified, for example, as an 
absolute power level or a power level that is relative to the 
level of a corresponding transmitted signal. Call 
5 classification structures and techniques are generally well 
known in the art. In a PBX system, call classification 
functionality is generally provided as an internal feature of 
the switch. 

Typically, the number of trunks 24, 26, 28 associated with 
10 a central office 12 will greatly exceed the number of echo 
cancellation units within the corresponding pool of echo 
cancellation units 44. The number of echo cancellation units 
provided within the pool 44 will generally be selected based 
upon the anticipated maximum number of trunks that will 
15 simultaneously have echo generation problems. The appropriate 
number can be determined based on, for example, historical 
performance records or predicted trunk defect rates. 

In one embodiment, the controller 4 0 maintains a database 
identifying which outgoing trunks and/or which outgoing phone 
20 numbers have required an echo cancellation unit in the past. 
The database can then be used to automatically assign an echo 
cancellation unit to a given communication connection at the 
time of call initialization when the same routing is 
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encountered. The database can also be used to identify 
defective trunks or communication paths that need to be repaired 
or replaced. 

Fig. 4 is a flowchart illustrating a method for allocating 
5 echo cancellation units within the switching center of a 
communication network in one embodiment of the present 
invention. The method can be utilized, for example, within the 
central office of a conventional telephony system, within a PBX 
server unit, or within an ISDN system controller. First, a pool 

10 of echo cancellation units is provided within the switching 
center for use with selected communications connections being 
supported by the switching center (step 100) . A communication 
connection is then established between a local subscriber and a 
remote subscriber via a first trunk coupled to the switching 

15 center (step 102) . Next, it is determined whether intolerable 
reflections are being received at the switching center from the 
first trunk (step 104) . This determination can be made by the 
local subscriber or by functionality within the switching center 
itself (e.g., using a call classifier or an echo cancellation 

20 unit) . If intolerable reflections are not being detected, the 
communication connection continues without echo cancellation 
(steps 106 and 108) . When intolerable reflections are detected 
for the connection, an echo cancellation unit is allocated to 
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the connection from the pool of echo cancellation units for use 
during the remainder of the connection (steps 106 and 110) . If 
an echo cancellation unit was used to detect the intolerable 
reflections,; ^^then this unit will normally be the one allocated 
5 to the connection. After the communication connection has 
ended, the allocated echo cancellation unit is released back to 
the pool for use by another connection (step 112) . 

Although the present invention has been described in 
conjunction with its preferred embodiments, it is to be 

10 understood that modifications and variations may be resorted to 
without departing from the spirit and scope of the invention as 
those skilled in the art readily understand. For example, the 
inventive principles are not limited to use within conventional 
telephony networks but can be advantageously implemented in any 

15 communication system that utilizes switching centers to provide 
circuit connections between remote communication entities. Such 
modifications and variations are considered to be within the 
purview and scope of the invention and the appended claims. 
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what is claimed is: 




A method for performing echo cancellation within a 



swycching center of a communication network, said switching 
center being coupled to a plurality of local user devices and a 
plurality of external transmission media, said method comprising 
5 the steps of : 

providing a pool of echo cancellation units within said 
switching center; 

coupling a first local user device to a first external 
transmission medium as part of a communication connection 
10 between the first local user device and a remote user devices- 
determining whether intolerable echo energy is being 
received from said first external transmission medium during 
said communication connection; and 



15 echo cancellation units to the communication connection when 
intolerable echo energy is detected in said determining step. 



allocating a first echo cancellation unit from the pool of 



2 . 



The method claimed in claim 1, wherein: 



said first external transmission medium includes a trunk. 



3 . 



The method claimed in claim 2, wherein: 
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said first local user device includes a telephone unit 
connected to said switching center via a local loop. 

4. The method claimed in claim 3, wherein: 

said step of coupling includes providing a communication 
path between said telephone unit and said trunk. 

5. The method claimed in claim 1, wherein: 

said step of determining includes receiving a signal from 
said first local user device indicating that echoes are being 
audibly perceived by a user thereof. 

6. The method claimed in claim 1, wherein: 

said step of determining includes allocating a call 
classifier to said communication connection and receiving an 
indication from said call classifier that echoes above a 
predetermined power level are being received from said first 
external transmission medium. 

7. The method claimed in claim 1, wherein: 

said step of determining includes assigning an echo 
cancellation unit to said communication connection and receiving 
an indication from said echo cancellation unit that echoes above 
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a predetermined power level are being received from said first 
external transmission medium; and 

said step of allocating includes allowing said echo 
cancellation unit to continue performing echo cancellation for 
said communication connection for the duration thereof. 

8. The method claimed in claim 1, wherein: 

said pool of echo cancellation units includes at least one 
multi -channel hardware echo cancellation device. 

9. The method claimed in claim 1, wherein: 

said pool of echo cancellation units includes a 
programmable digital processing device. 

10. The method claimed in claim 1, further comprising the 
step of: 

releasing said first echo cancellation unit back to said 
pool when said communication connection has ended. 

K switching center for use within a communication 
network, comprising : 

a plurality of first ports for use in coupling the 
switching center to a plurality of local user devices; 
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5 a plurality of second ports for use in coupling the 

switching center to a plurality of external transmission media, 
each of said plurality of external transmission media being 
coupled at an opposite end to another switching center within 
the communication network; 

10 a switch for selectively coupling individual first ports to 

individual second ports within the switching center for use in 
establishing communication connections between local user 
devices and remote user devices in the communication network; 

a pool of echo cancellation units that are each capable of 

15 reducing echoes received by said switching center from an 
external transmission medium; and 

an allocation unit for allocating an echo cancellation unit 
from said pool of echo cancellation units to a communication 
connection being supported by the switching center in response 

2 0 to detection of intolerable echo energy from an external 
transmission medium associated with said communication 
connection . 



12. The switching center of claim 11, wherein: 
said plurality of external transmission media include a 
plurality of trunks. 
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13. The switching center of claim 11, wherein: 

said communication network includes a conventional 
telephony network. 

14. The switching center of claim 11, wherein: 

said pool of echo cancellation units includes a plurality 
of individual hardware units. 

15. The switching center of claim 11, wherein: 

said allocation unit includes at least one call classifier 
for detecting echoes associated with a communication connection. 

1^. A switching center for use in a communication network 
to provide switching services between a plurality of local user 
devices and a plurality of trunks, comprising: 

means for selectively coupling a first local user device in 
5 the plurality of local user devices to a first trunk in the 
plurality of trunks in response to a request for a communication 
connection between said first local user device and a remote 
user device; 

means for detecting signal echoes being received from said 
10 first trunk during said communication connection; and 
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means for allocating echo cancellation functionality to 
said communication connection when signal echoes having greater 
than a predetermined magnitude are detected by said means for 
detecting . 

17. The switching center claimed in claim 16, wherein: 
said means for detecting signal echoes includes a call 

classifier unit. 

18. The switching center claimed in claim 16, wherein: 
said means for detecting signal echoes includes means for 

receiving a signal from said first local user device indicating 
that signal echoes have been audibly perceived by a user of said 
5 first local user device. 

19. The switching center claimed in claim 16, wherein: 
said means for detecting signal echoes includes an echo 

cancellation unit. 

20. The switching center claimed in claim 16, wherein: 
said means for allocating includes a pool of echo 

cancellation units. 
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ABSTRACT 

A switching center for use in a communication network 
includes a pool of echo cancellation units for use in providing 
echo cancellation services to users associated with the 
5 switching center on an "as needed" basis. A communication 
connection being supported by the switching center is analyzed 
to determine whether intolerable reflections are being received 
from an associated trunk. If such reflections are detected, one 
of the echo cancellation units in the pool is assigned to the 
10 communication connection for use in reducing or eliminating the 
reflections. When the communication connection terminates, the 
echo cancellation unit is returned to the pool for subsequent 
use with another communication connection. 
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Julio A. Garceran (Reg. No. 37138) 

Mony R. Ghose (Reg. No. 38159) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

John M. Harman (Reg. No. 38173) 

John W. Hayes (Reg. No. 33900) 

Michael B. Johannesen (Reg. No. 35557) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

Geraldine Monteleone (Reg. No. 40097) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 3 1 864) 

Daniel J. Piotrowski (Reg No. 42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 39010) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Patricia A. Verlangieri (Reg. No. 4220 1 ) 
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John P. Veschi (Reg. No, 29355) 

David Volejnicek (Reg. No, 29355) 

Charles L. Warren (Reg. No. 27407) 

Jeffrey M. Weinick (Reg. No. 36304) 

Eli Weiss (Reg. No. 17765) 

I hereby appoint the attomey(s) on ATTACHMENT A as associate attomey(s) in the 
aforementioned application, with full power solely to prosecute said application, to make alterations 
and amendments therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected with the prosecution of said appUcation. No other powers are granted 
to such associate attomey(s) and such associate attomey(s) are specifically denied any power of 
substitution or revocation. 



Full name of sole inventor (or 1st joint inventor); Norman C. Chan 



Inventor' 

signature (4/?rmJ . j^^^^^ Date 



Residence: Louisville, Colorado 

Citizenship: USA 

Post Office Address: 1818 Eisenhower Drive 
Louisville, CO 80027 

Full name of 2nd joint inventor: SuJeanne Foster 

Inventor's p ^ ^ 

signature ->^2(£j^i^ia^/ .^ Date fO ^ /ZOO O 

Residence: Louisville, Colorado 

Citizenship: USA 



Post Office Address: 1818 Eisenhower Drive 
Louisville, CO 80027 
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ATTACHMENT A 



David F. Zinger 
Craig C. Groseth 
Michael L. Tompkins 
Sabrina C. Stavish 
Todd P. Blakely 
Lewis D. Hansen 
Joseph E. Kovarik 
Gary J. Connell 
Wannell M. Crook 
Douglas W. Swartz 
Bruce A. Kugler 
Robert R. BruneUi 
Tejpal S. Hansra 
Dana L. Hartje 
Don D. Cha 
Angela Dallas-Pedretti 
Benjamin B. Lieb 
Bradley M. Knepper 
Theresa A. Brown 
John C. Scott 
Miriam R. Drickman 



(Reg. No. 29127) 
(Reg. No. 31713) 
(Reg. No. 30980) 
(Reg. No. 33374) 
(Reg. No. 31328) 
(Reg. No. 35536) 
(Reg. No. 33005) 
(Reg. No. 32020) 
(Reg. No. 31071) 
(Reg. No. 37739) 
(Reg. No. 38942) 
(Reg. No. 39617) 
(Reg. No. 38172) 
(Reg. No. 40638) 
(Reg. No. 40945) 
(Reg. No. 42460) 
(Reg. No. 42801) 
(Reg. No. 44189) 
(Reg. No. 32547) 
(Reg. No. 38613) 
(Reg. No. 42499) 



Telephone calls should be made to Sheridan Ross P.C. at: 



Phone No.: (303) 863-9700 
Fax No.: (303) 863-0223 



All written commimications are to be addressed to: 



John C. Scott 

Sheridan Ross P.C. 
Suite 1200 
1560 Broadway 
Denver, CO 80202-5141 
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